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Abstract This model study was conducted in Antalya region greenhouses for the determination and registration of agricultural
resources as a part of adjustment efforts for the European Union (EU) Common Agricultural Policy (CAP). The aim was to create
new database systems based on remote sensing (RS) and geographic information systems (GIS), rather than conventional land
measurement techniques. For this purpose, glass and plastic greenhouses were determined by visual data analysis of satellite image,
and databases were created for each greenhouse by GIS. These databases included area, coordinates and other characteristics of each
greenhouse. These databases were prepared in a format that is suitable to provide any kind of information regarding Antalya region
greenhouses, including statistical data, in a fast and reliable fashion. In this context, greenhouse fields are determined as 2780 ha
by this study method while they were reported as 3547.6 ha in the records of the Ministry of Agriculture and Rural Affairs. This
study demonstrated that a methodology depending on RS and GIS technologies can be used to create databases that are compatible
with EU and other international standards.
Key Words: Agricultural database, GIS, remote sensing, greenhouses

Örtüalt› Tar›m› Veritaban›n›n Geliﬂtirilmesinde Uzaktan Alg›lama ve
Co¤rafi Bilgi Sistemleri Teknolojisinin Kullan›m›
Özet: Bu model çal›ﬂma, Ülkemiz tar›m sektöründe gerek modern teknik ve teknolojilerin kullan›lmas›n›n yayg›nlaﬂt›r›lmas› ve
gerekse Avrupa Birli¤i (AB) ortak tar›m politikalar›na (EU Common Agricultural Policy, CAP) uyum çal›ﬂmalar›n›n tar›msal kaynaklar›n
tespiti ve kay›d› bölümünün gerçekleﬂtirilmesi amac›yla yürütülmüﬂtür. Bu kapsamda, Antalya merkez ilçedeki örtü alt› üretim alanlar›
için yersel ölçümleme tekniklerine dayal› klasik yöntemler yerine, Uzaktan Alg›lama (UA) ve Co¤rafi Bilgi Sistemleri (CBS) temeline
dayal› yeni bir veri taban› sisteminin oluﬂturulmas› hedeflenmiﬂtir. Bu amaca yönelik olarak araﬂt›rma alan›ndaki cam ve plastik
nitelikli seralar, uydu görüntüsünün bilgisayar ortam›nda yap›lan görsel analizleri ile tan›mlanm›ﬂ ve her bir bireysel sera için CBS
kullan›larak veri tabanlar› oluﬂturulmuﬂtur. Dünya koordinat sistemine dayal› olarak haz›rlanan bu veri tabanlar›, bireysel seralar›n
alan, konum ve di¤er özniteliklerine iliﬂkin bilgileri içermektedir. Söz konusu bu veri tabanlar›, Antalya Merkez ilçedeki örtü alt›
alanlar› ile ilgili olarak yap›lacak her türlü sorgulamay› destekleyecek bir formatta haz›rlanm›ﬂ olup alan ile ilgili her türlü istatistiksel
bilginin ve istenilen her düzeydeki envanterin do¤ru ve h›zl› bir ﬂekilde ortaya ç›kar›lmas›na da olanak sa¤lamaktad›r. Bu kapsamda,
Tar›m ve Köyiﬂleri Bakanl›¤› kay›tlar›nda 3547.6 hektar olarak rapor edilen merkez ilçe sera varl›¤›, bu metotla 2783.0 hektar olarak
belirlenmiﬂtir. Sonuç olarak, UA ve CBS teknolojilerine dayanan bu metodoloji ile ülkemizin tüm tar›msal üretim ortamlar› için
uluslararas› geçerlili¤i ve AB standartlar›na da uyumu bulunan yönetilebilir veri tabanlar›n›n oluﬂturulmas› mümkün görülmektedir.
Anahtar Sözcükler: Tar›msal Veri Taban›, Co¤rafi Bilgi Sistemleri, Uzaktan Alg›lama, Sera

Introduction
Greenhouse growing is important in terms of food
safety, besides its contribution to the economy and
employment. The application of this kind of growing
worldwide is 15% glass greenhouses and 85% plastic

greenhouses. Among EU countries, the practice of
greenhouse agriculture mainly takes place in Spain, Italy,
Germany, the UK, France and Holland (Sayin et al.,
2006). In addition, half of the total greenhouse areas are
in Asian countries. More than half of the greenhouses are
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in China in this continent. While more than 90% of plastic
greenhouses are in Asia, glass greenhouses are mostly
found in the Mediterranean region (60%). Because of its
superior ecological properties, Turkey has global
importance in terms of vegetable and fruit production,
and 87% of Turkey’s greenhouse agriculture (37,703 ha)
is in the Mediterranean region. Of the greenhouse areas
in this region, approximately 39% are in Antalya province
(Keskin and Çakary›ld›r›m, 2003). A large proportion of
the greenhouses are far from meeting the needs of good
agriculture practices (EUREPGAP). For this reason, with
regard to EUREPGAP and food safety there is a need for
a controlled greenhouse production system (Christie,
2005; Mencet and Say›n, 2005).
There are approximately 35 issues containing legal
and technical requirements for Turkey to fulfill before
becoming a full member of the European Union (EU). One
of the most problematic issues is focusing on the
agricultural sector. The first thing that needs to be done
for adaptation to the EU Common Agricultural Policy
(CAP) is the determination and registration of agricultural
resources. The ultimate goal is to start controlled
agricultural production according to the Integrated
Administration and Control Systems (IACS). One of the
most important requirements from the EU is that this
process be done to the field-parcel level as a Land Parcel
Identification System (LPIS) (Relin et al., 2003). The EU
also requires that IACS and LPIS systems (code 3508/92,
section 2) be prepared as national databases created
based on remote sensing (RS) and geographic
information system (GIS) technologies (Zhou, 1989;
Mallawaarachchi et al., 1996; Chou et al., 2005; Dwivedi
et al., 2005; Stephen et al., 2005).
Even though the Ministry of Agriculture and Rural
Affairs has made intensive efforts to solve various
problems in the agricultural sector, there is no agreement
on which methodology is to be used to determine and
register greenhouses, and to plan and monitor production
in these units. There are also problems regarding the
quality and continuity of Turkish agricultural products in
international markets. These problems are especially valid
for fresh fruit and vegetables mainly grown in
greenhouses in which, in general, excessive fertilization
and pesticide strategies are employed. However, there is
no effective technological method available to control and
monitor activities in these production units. This results in
not only economic burden due to low yield and quality,
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but also serious environmental and public health
problems. These facts clearly show the necessity for
registration of greenhouses in the region, and monitoring
their production activities.
This study had 2 different technical objectives. The
first was to determine greenhouses in the Antalya region
in the digital environment by using satellite data and RS
techniques. The second was to create a database
management system (DBMS) for individual greenhouse
by using GIS (Yildirim et al., 2001; Crifasi et al., 2005).
With the development of this method to register and
monitor greenhouses in the Antalya region, an important
step was taken towards, with some modifications, the
application of various projects according to international
standards.

Materials and Methods
Materials
The study was carried out in Antalya (Central district),
Turkey. The study area total of 209,540 ha is situated
between the 30° 29’ 52” and 30° 52’ 43” east longitude
and 37° 14’ 0” and 36° 51’ 05” north latitude (Figure 1).
Determination and registration of the greenhouses in this
area was conducted by using Pan-Sharpened (1-m
resolution multispectral) IKONOS satellite data
(08/09/2004) with 1 m resolution and 1:25,000 scale
standard topographical maps. Computer analysis of this
material by GIS and RS technologies and the creation of
databases were done using TNTmips software
(Microimages, 2006).

Methods
With the aim of registering the Antalya central district
greenhouse production environments, a study based on
RS and GIS was carried out in 4 different stages (Figure
2). Pre-mentioned works and processes that were carried
out are described below.

Stage 1: Initially, border maps of Antalya central
district maps were scanned, digitized and converted to
vector format; 1:25,000 scale standard topographical
maps were scanned and converted to raster format
afterwards. Thus, raster and vector data sets were
created based on RS and GIS. For georeference and
rectification of these topographical maps, a vector
formatted 1:25,000 scale national map index (6°
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Figure 1. The study area.

Figure 2. Flow chart of the study.

projection system, UTM Zone 36 and Datum 50) and GPS
values were used. Afterwards, topographical maps
prepared in the previous stage and GPS values obtained
from selected locations were used for georeference and
rectification of Pan-Sharpened IKONOS satellite data of
the study area (made of 13 local frames) and all these
data were put together to obtain a single image. In this
stage, due to the absence of sufficient cadastral data, for
positional identification of each individual greenhouse, a
1:5000 scale map section index was added to the dataset
after necessary projection adjustments. The dataset
generation process was completed by integrating district
and village borders that were previously converted to
vector format (Baltsavias, 1993). The integrated data set
included several layers, which are city, district and village

borders, the 1:25,000 scale topographical map and map
index, the 1:5000 scale map section index, and satellite
data (Figure 3).

Stage 2: Greenhouse fields were digitized on the
computer based on satellite data, and databases were
created for individual greenhouse with RS (Peuguet and
Marble, 1990). In this stage, glass and plastic
greenhouses were visually interpreted on satellite data
and the borders of each greenhouse were recorded
digitally in vector format. To improve visual
differentiation, different colors and shadow analysis were
assigned for glass and plastic greenhouses and each
individual unit was numbered automatically (Figure 4).
Stage 3: In this stage, for greenhouse fields that were
identified and numbered based on RS technology in the
415
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Figure 3. The integrated dataset of Antalya in GIS.

previous stage, a database management system (DBMS)
was created also based on GIS as reported by Dale and
McLoughlin (1988) and Crifasi et al. (2005). This
database was designed to be compatible with the
EUREPGAP certification system (Mencet and Say›n,
2005). At the end, the complete database management
system for each individual greenhouse included
characteristic information such as positional identity, area
and type of each greenhouse, greenhouse number, and
tables containing information about the producer and
production input. An example of the results obtained at
this stage is given in Figure 5.
416
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Stage 4: At the last stage, the 1:5000 scale map
section index was converted to a 6° projection system
with the 1:25,000 scale national map section index (6°
projection system, UTM Zone 36 and Datum 50).
Afterwards, 1:5000 scaled output maps were created by
the help of the scale map section index to use in field
controls and database updates and preparing hardcopy
maps. To test the reliability of the determination and
identification processes, 1% of all greenhouses in the
region were randomly selected for field controls by
means of the prementioned 1:5000 scaled maps.
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Figure 4. Glass and plastic greenhouses positioned and numbered according to the rules of GIS.

Results and Discussion
Two different approaches were developed and
discussed within the scope of the registration of
greenhouse agriculture (IACS and LPIS) and good
agriculture practices (EUREPGAP). One of the approaches
is methodological results and the other is application
results.

Methodological Results
In this study, greenhouses in this region were
determined and registered, and a database management
system was created by means of RS and GIS technologies.
During the methodological applications no serious
problem was encountered. However, it is necessary to
provide detailed technical information to enlighten people
who are planning to study this subject. Before merging
satellite images, georeference and rectification processes

must be performed carefully, or previously prepared
orthophoto data must be used (Baltsavias, 1993; Loodts,
1993). However, it is also noted that orthophoto data are
costly. Another point that requires attention is the
azimuth angle of satellite data (Alonso and Moreno,
2004). It is recommended to purchase satellite data with
a higher azimuth angle. Another technical difficulty may
be experienced while combining the 1:5000 scale map
index prepared by the 3° projection system with the
1:25,000 scale map index prepared by the 6° projection
system. This problem was solved at stage 4 by converting
the 1:5000 scale map index with the 3° to 6° projection
system for the map output system to be used in field
controls and database updates and preparing hardcopy
maps. During the determination of greenhouses based on
satellite data, some other structures may be misidentified
as greenhouses. In this study, this problem was
eliminated by field controls.
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Figure 5. Database management system for glass and plastic greenhouses.

Application Results
According to the database system, 25,928
greenhouses were found in the Antalya region. In total,
14,473 of them are glass and 11,455 of them plastic.
The area occupied by glass and plastic greenhouses is
1318.5 and 1465.4 ha by this method. An assessment by
the Ministry of Agriculture and Rural Affairs indicated
that greenhouse fields cover 3547.6 ha, while the area of
these fields was determined as 2783 ha by this study.
The Ministry obtains statistical data by conventional
methods such as field studies and producers’ declarations.
However, due to not being able to go to some regions
and erroneous declarations by some producers, some
serious problems appear in the data. To update this
information is very difficult, expensive and time
consuming by conventional methods. By means of RS and
GIS technologies, this process can be achieved extremely
quickly, easily and cheaply. In addition, it should be noted
that any kind of database query process in any format
could be performed in a fast fashion by GIS.
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In this study, to test the reliability of the
determination and identification processes, for
representing the 259 greenhouses, 1% of them in the
region were randomly selected and field controls were
performed. According to the test results, 10 glass
greenhouses were mixed with storage structures, and 8
plastic greenhouses were mixed with low tunnels.
According to the assessments of the field controls, the
accuracy of the study was 96.1% for glass greenhouses
and 97.0% for plastic greenhouses.
As seen in Figure 6, there are 9337 glass greenhouses
smaller than 0.1 ha while the number of glass
greenhouses of size 0.1-0.3 ha is 5062. Only 59 and 15
glass greenhouses with areas of 3-5 ha and bigger than
0.5 ha, respectively, were detected. If we generalize
these values for the Antalya region, 99.8% of all glass
greenhouses are smaller than 0.3 ha.
Some 5219 greenhouses are smaller than 0.1 ha
while the number of plastic greenhouses of size 0.1 and
0.3 ha is 5689. The plastic greenhouses occupying 0.3-
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Figure 6. Area distribution of greenhouses based on selected field size.

0.5 ha numbered 452. Only 95 plastic greenhouses
occupy an area larger than 0.5 ha. According to these
values, 95.3% of all greenhouses are smaller than 0.3 ha.

monitored and statistical data should be updated every 45 years using up-to-date satellite data.

As seen in Figure 6, more than half (56%) of all
greenhouses in the region are smaller than 0.1 ha, and
98% of all greenhouses are smaller than 0.3 ha. This
indicated that almost all greenhouses in the region are
smaller than the optimum (1 ha) production size. This
requires immediate attention due to the fact that this
situation does not allow modern production techniques to
be successfully applied in these greenhouses. As a result,
Turkey’s adaptation efforts to the EU may not be
successful and the competitiveness of Turkish products in
international markets may be diminished. Therefore, it is
an urgent necessity that the structures of greenhouse
production should be improved. First of all, after the
determination of alternative greenhouse production
areas, without compromising optimum production size,
new greenhouse areas should be established to encourage
the greenhouse sector. At the same time, the currently
present greenhouses should be reorganized based on a
model or models specifically developed for this purpose.
It is also necessary to discuss whether “Greenhouse
Consolidation” is an application that can be used in these
efforts. In addition, greenhouse areas in the region must
be monitored and the construction of new greenhouses
should not be allowed without permission from the
country agriculture directorate. These areas should be

Conclusion
In this study, which was conducted using a
methodology developed based on RS and GIS
technologies, glass and plastic greenhouses in the Antalya
region were determined with high accuracy and
registered, and databases were created for each
greenhouse. This database enables the recording and
querying of various information like which crop is
produced where and how much, what are the inputs and
which crop is preferred most? The successful completion
of tasks such as the addition of each individual
greenhouse to the geographic coordinate system,
designation of a permanent number to each greenhouse,
and creation of a database containing various kinds of
information for each greenhouse make this study unique.
Moreover, this study is an important step for acquiring
reliable statistical data and as a part of a national database
management system that is needed for adaptation to the
CAP. Hereafter, glass and plastic greenhouses located in
the Antalya region (central district), Turkey, can be
monitored and controlled, and numerical databases
obtained can be used as a “national database”. With the
addition of barcodes, obtained from the related official
center for each greenhouse to this database, it will be
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possible to monitor production activities from the
beginning of the production season to the harvest season,
and even after that, until the consumption of products by
consumers. However, for this monitoring and control
mechanism to materialize, some legal adjustments have
to be made at national level. In addition, new technologies
and/or methods have to be developed to monitor and
register production activities in the production units. On

the other hand, it is clear that this sample study can be
utilized in other agriculture practices within the scope of
IACS.
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